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The structural alteration of carbohydrate moieties of 
tyrosinases associated with the depigmenting process 
induced by glycosylation inhibition has been investi-
gated by using concanavalin A (Con A) affinity chro-
matography. Con A affinity chromatography of deoxy-
cholate-solubilized large and small granule fractions 
shows that while all tyrosinases found in control B-16 
cells exhibit affinity to Con A lectin, there is an emer-
gence on non-Con A binding tyrosinases in the unpig-
mented cells induced by glycosylation inhibitors , such 
as tunicamycin and glucosamine. On sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis, control ty-
rosinase activity forms 2 distinct bands consisting of T 1 
and T 3 • But tyrosinases from the unpigmented cells lose 
T 3 tyrosinase and are resolved into a few different mo-
lecular weight components, one of which is Con A affi-
nitive T1 tyrosinase and the others are non-Con A affi-
nitive tyrosinases with smaller molecular weights than 
the T 1 tyrosinase. These findings suggest that altered 
structures of carbohydrate moiety in tyrosinase mole-
cules play a role in the induction of loss of membrane-
binding capacity of tyrosinases, resulting in the loss of 
melanization in pigment cells. 
Glycosylation inhibitors, glucosamine or tunicamycin , have 
been found to be specific inhibitory modulators for melanoge-
nesis [1,2]. This melanogenic inhibition is characterized by a 
selective loss of membrane-bound tyrosinase, T a, accompanied 
by a n increase of T1 and T 2 tyrosinases. Known action of 
tunicamycin [3,4] suggests t hat the core sequence of N-gly-
cosidically linked oligosaccharides is a key structure of T a 
tyrosinase for its melanization-inducing function. However, 
this melanogenic inhibition by these glycosylation inhibitors 
a lso includes t he findin gs [1] that tyrosinase T 1 is not decreased 
e lectrophoretically despite its sugar chains which show afti nity 
for concanavalin A (Con A) lectin . This had led to speculation 
t hat changes in carbohydrate moieties of t he Tt may occur 
wit hout affecting t heir sodium deoxycholate electrophoretic 
propert ies after glycosylation inhibit ion , leading to the loss of 
capacity ofT 1 tyrosinase for binding to membrane. 
Because of its simplicity, column chromatography on Con A 
Sepharose is expected to provide a powerful method for t he 
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phoresis 
SGF: sma ll granule fraction 
TCA: t richloroacetic ac id 
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detection of subt le changes of glycoprotein under various bio-
logic condi t ions. Recent reports [5-7] suggest t hat affinity 
column chromatography on Sepharose-conjugated Con A dif-
ferentiates glycoproteins, especially mannose-N -acetyl glucos-
amine type and t he complex heteropolysaccharide type, accord-
ing to t he number and mode of attachment of side-chains to 
mannosyl residue in t he core structure. 
The above evidence led us to investigate the specific function 
of carbohydrate moieties of tyrosinases in melanogenesis by 
studying differences concerning their affinitive properties for 
Con A lectin after and before glycosylation inhibit ion. In the 
present paper, affinity chromatographic patterns associated 
with the observed loss of melanization due to inhibitors of 
glycosylation will be described wit h special reference to t he 
altered structures of carbohydrate moiety in tyrosinases of 
malignant melanoma cells. 
MATERIALS AND METHODS 
Materials 
Tunicamycin was obtained fro m Dr. Tamura of the Department of 
Agricultural Chemistry, University of Tokyo, th rough Dr. I<obata of 
the Department of Biochemistry, University of Kobe. ["H]Mannose 
(D- (2-"H( N)]ma nnose, 10- 20 Ci/mmol) and [3H]leucine (L- [4,5,-
"H (N) ]leucine, 5 Ci/ mmol) were purchased from New England Nuclear 
(Boston, Massachusetts). Glucosamine hydrochloride, dihydroxyphen-
ylalanine, cycloheximide, a nd all other materials were obta ined from 
Sigma Chem ical Co. (St. Louis, Missouri). 
Cells 
B-16 mouse melanotic mela noma cells were cultured in Eagle's 
minimal essent ial medium (Gibco) supplemented with 10% fetal calf 
serum (G ibco), 4 mM glutamine, 100 U/ ml penici llin, and 100 J.lg/ ml 
streptomycin, at 37•c wi t h 5% C0"/95% a ir atmosphere. Glucosamine 
hydrochloride added at t he concentration of 1 mg/ ml cul ture medium 
was used immediate ly afte r ce ll seeding. Tunicamycin experiments 
were carried out 24 h afte r ce ll seeding using t he culture medium 
contain ing 0.1 and 0.2 J.Lg/ml of t unicamyci n. Thereafter all medium 
was replaced with the inhibitor-conta ining fresh medium twice a week 
during the cell growt h fo r present experiments. 
Cycloheximide was added at t he concent ration of 0.025 or 0.05 J.lg/ 
ml 24 h afte r ce ll seeding, a nd cultu re of B-16 cells was carried to a 
con fluency. 
ln.corporat.ion. 
For the examinat ion of the effect of drugs on the synthesis of 
ca rbohydrates and protein, cells were cul tu red in Falcon plastic cul ture 
dishes (35- mm diameter) conta ining three 15 mm-diameter glass cover-
slips per dish and then 1 fJCi per ml of [3H ]ma nnose and leucine was 
added to the cultures fo r the desired period of time. After incubation 
the cells were washed 3 t imes with cold H anks' balanced salt so lutio~ 
and 5% cold t richloroacetic ac id (TCA) was added 2 times at 10- min 
in tervals, fo llowed by successive t reatments wit h 70%, 90%, and 100% 
EtOH to dry t he cells. The TCA-insoluble fraction was dissolved in 0.5 
ml of Soluene and mixed with 10 ml of toluene-based scin ti llation fluid. 
The radioactivity was counted in a liquid scin t illation spect rometer. 
To examine [3H]rnannose incorporation in to various subcellular frac-
t ions, 1 fJ Ci/ml of [3H]mannose was incubated for 24 h after con fluency 
of the cells and the cells were washed 3 times with Hanks' buffe r and 
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trypsinized for subsequent subfractionations. A cell count was done 
using a hemocytometer after trypsinization. 
Fractionation 
Subcellular fractionat ion was performed by the method of Seiji eta! 
[8] using the cell homogenate from about 40 Falcon culture dishes (75 
cm2). Thus, the cells collected afte r trypsinization were homogenized 
in ice-cold 0.25 M sucrose solu t ion using a Teflon homogenizer chilled 
with ice. The suspension obtained was first centrifuged at 700 g for 10 
min to remove unruptured cells and nuclear debris. The residue was 
discarded. The supernatant was further cent rifuged at 12000 g for 10 
min to obtain a soluble fraction a nd the large granule fraction (LGF) 
as a sediment. The soluble fraction was furth er centrifuged at 105,000 
g for 10 min to obtain t he small granule fraction (SGF) as a sediment. 
Tyros in.ase 
Enzymic assays for tyrosinase were done according to the methods 
of Hamada and Mishima [9] using 0.1 M phosphate buffer (pl-1 6.8) 
and 1 mM dopa. 
Affinity Chromatography 
The deoxycholate (DOC)-solubilized LGF and SGF (-1 ml) were 
applied to a column (10 x 1.5 em ) of Con A lectin -Sepharose which 
had been equi librated wi th 0.5% DOC containing Tris-HCI buffer (0.01 
M, pH 6.8) according to the method of Clemetson et al [JO]. The column 
was washed with the same buffer until the flow -through peak had 
elu ted and the absorbance of t he eluent at 280 nm had returned to the 
base line. The eluent was then changed to 0.2 M alpha-methylmanno-
side in 0.5% DOC containing buffer. The flow-through and the eluted 
fractions were separately pooled. 
Sodium Dodecyl S ulfate-Polyacrylamide Gel Electrophoresis 
(SDS- PAGE) 
The DOC-solubilized LGF was mixed with an equal volume of buffer 
A (0.125 M Tris- HCl, pH 6.8, 20% glycerol, 4% SDS, 0.004% brom-
phenol blue). The SDS gel electrophoresis was carried out at pH 8.7 in 
Tris-glycine buffer conta ining 1% SDS at 1 rnA per ge l. After electro-
phoresis, the ge l was washed with 0.3 M phosphate buffer (PB) (pH 
6.8) and then incubated in 0.1 % dopa in 0.1 M PB (pH 6.8) at 37"C for 
5 h. 
Other Methods 
Protein was determined by the procedure of Lowry eta! [11]. 
RESULTS 
Cycloheximide Effect on M elanogenesis 
We have succeeded in inducing interrupted melanogenesis 
by protein glycosylation inhibitors [1] which, however, is ac-
companied by 30- 45% inhibition of protein synthesis (35% 
inhibition of ('1H]leucine for glucosamine and 45% inhibition 
for tunicamycin). Thus, in order to clarify the specificity of 
such inhibition, we first studied the effect of cycloheximide at 
the level of 30-45% inhibition of protein synthesis on melano-
genesis, a level similar to that seen in glycosylation inhibitors. 
At this level of protein synthesis inhibition, being attained at 
0.025 (32% inhibition) or 0.050 J.Lg/ml (45% inhibition) of 
cycloheximide, there was no recognizable effect on melano-
genesis despite a moderate decrease of their growth (data not 
shown). Thus, this finding suggests a preferential effect of 
glycosylation inhibition on interrupted melanogenesis. 
Subcellular Distribution of Carbohydrate Synthesis Inhibition. 
To what extent protein glycosylation within subcellular me-
lanogenic compartments of B-16 cells proceeds and is inter-
rupted by these inhibitors has been further clarified. Fig 1 
shows the distribution of [3H]mannose uptake among various 
subcellular fractions. It is clear that among subcellular frac-
t ions , there is more marked incorporation of (3H]mannose per 
mg protein in LGF of the untreated B-16 cells than in other 
fractions, almost paralleling subcellular dist ribution of tyrosi-
nases, and selective inhibition of the incorporation is occurring 
in the LGF of glycosylation -inhibited unmelanotic cells. 
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FIG 1. Subcellular distribution of inhibit ion of carbohydrate syn-
thesis among various fracti ons as shown by [3H)mannose uptake. The 
cells were cultured with the glycosylation inhibitors for 11- 21 days, 
inducing the complete loss of their melanization. These unpigmented 
cells were used for assay of [3H)mannose upta ke in comparison with 
nontreated control cells. Ho = homogenate; LGF = large granule 
fraction ; SGF = small granule frac t ion; Sup = 105,000 g supernatant; 
B = control untreated cell (•); G = glucosamine-treated unpigmented 
cell (D); 0.2 TM = tunicamycin (0.2 f.Lg/ ml)-treated unpigmented cell 
(UIJJ); 0.4 TM = tunicamycin (0.4 f.Lg/ml)-treated unpigmented cell (UIJJ) . 
Affinity Chromatography 
By Con A affinity chromatography, which binds to most of 
N-glycosidically linked oligosaccharides, on the remaining T 1 
tyrosinases in DOC-solubilized LGF and SGF, we have found 
that there is an emergence of Con A nonbinding tyrosinases in 
the inhibitor-induced unpigmented cells. Fig 2a,b shows the 
chromatographic pattern of tyrosinases present in LGF and 
SGF of untreated control B-16 cells. All tyrosinases have an 
affinity for Con A lectin which are elutable by 0.2 M alpha-
methylmannoside. On the other hand, after glucosamine treat-
ment, in addition to the remaining Con A binding T 1 tyrosi-
nases, there is an emergence of Con A nonbinding T 1 tyrosi-
nases in both LGF and SGF (Fig 2c,d). Similarly, after 0.2 J.Lg/ 
ml tunicamycin treatment, an emergence of Con A nonaffini-
tive tyrosinases in both LGF and SGF is observed (Fig 2e,f). 
In order to exclude the possibility that quantitative problems 
when performing affinity chromatography affect the present 
results and of whether or not T 1 and especially T 2 tyrosinase 
involve Con A nonaffinitive tyrosinases, experiments using 
large amounts of tyrosinase containing LGF, SGF, and super-
natant fractions from B-16 melanoma-bearing mice were car-
ried out. These results showed the absence of Con A nonaffi-
nitive tyrosinase in every fraction (data not shown). 
SDS-PAGE 
In order to investigate further the induction ofT 1 tyrosinase 
heterogeneity, we carried out SDS-PAGE on LGF before and 
after glycosylation inhibition. Fig 3 shows control tyrosinase 
activities forming 2 distinct bands consisting of T 1 and T 3. 
Further, Con A affinitive tyrosinases isolated from control cells 
by affinity chromatography exhibit the same corresponding 2 
dopa-positive bands. However, tyrosinases from the unpig-
mented cells after glucosamine treatment lose T 3 tyrosinase 
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FI G 2. Chromatography of tyrosi-
nases from sodium deoxycholate-solubi -
lized LG F or SG F on Con A-Sepharose. 
At t he arrows, t he DOC-Tris elution 
buffer was cha nged to conta in 0.2 M a l-
pha- methy lmannoside. A fraction was 
pooled as indicated . Con A nona ftini t ive 
fractions for tyros inase activity we re 
painted as black. a., T y rosinases of LGF 
from cont rol B -16 cells. b, T yrosinases 
of SGF from cont rol B -16 cells. c, T yro-
sinase of LGF from glucosamine- induced 
unpigmented cells. d, T yrosinase of SGF 
from glucosamine- induced unpigmen ted 
cells. e, T yrosinases of LG F from tu ni· 
camycin (0.2 llgfml}- induced unpig-
mented cells./, Tyrosinases of SGF from 
tunicamycin (0.2 11g/ml)- induced unpig-
mented cells. -0- = Ab·. 280; - • - = 
ty rosinase activity. 
FIG 3. SDS ac rylamide gel electro-
phoresis of DOC-solub ilized LGF and 
t heir Con A a ffini t ive fractions fro m gly-
cosylation inhibitor-treated B -16 cell. . 
A,C = con t rol B-16 cell ; C Co nA(+) = 
Co n A a ftinit ive fractjon of con t rol B-16 
cell ; Glc = glucosamine-t reated B- l G cell ; 
Glc ConA(+) =Con A a ffini t ive fraction 
of glucosamine-trea ted ce lls. B, C =con-
trol B -16 cells; T M 0. / = t unica myci n 
(0.1 J.Lg/ ml)-treated cells; TM 0.2 = tun-
icamycin (0.2 11g/ ml )-t reated ce ll s; TM 
0.2 ConA(+) = Con A a ffini t ive fraction 
of tunicamycin (0.2 Jlg/ml} -treated ce lls . 
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and are resolved into a few different molecula r weight compo-
nents, one of which is Con A affinitive T 1 tyrosinase, while t he 
other two a re Co n A nonaffinitive T, tyrosinases. T hese latter 
two segments, termed T,' and T, ", occur in smaller-molecular-
weight rather t han the original T 1 tyrosinase. S imilar findings 
are observed in tunicamycin-treated cells. 
DISCUSSION 
Maturation and translocation of tyrosinases from ribosomes 
to premelanosomes have been shown to be regulated by the 
glycosylation of the enzymes a nd of their accepti ng organelles, 
premelanosomes [1 ,2]. H owever, little is known about details 
of the glycoprotein processing of tyrosinases prior to t he tran s-
location. 
Our present expe rimental system has provided a unique 
model of disclosing possible in term ediate forms of tyrosi nase 
between T, and Ta. Our t!ndings after analysis of tyrosinase 
carbohydrate cha ins using Con A lectin affinity chromatogra-
phy have revealed that interrupted melanogenesis by glycosy-
lation inhibi tors is involved with not on ly a selective loss of 
membrane-bound T 1 tyrosinase, but a lso an appearance of Con 
A nonaffinitive T 1 tyrosi nase which is smaller in molecular 
weight t han the original T 1 tyros inase sti ll remaining in t he 
glycosylation inhibited situations. 
It is genera lly thought t hat glycoproteins produced in t he 
presence of inhibi tors for the early steps of protein glycosy la-
tion such as glucosamine and tun icamycin have no affi ni ty to 
Con A Sepharose because of the a lmost complete depletion of 
their sugar chains [12,13]. However, in t he present experiments, 
a major part of the remaining T, tyrosinases from unpigmented 
melanoma cell s following sufficient glycosylation inhibition was 
still Co n A affini tive. In t hi s con nection, Pan and Elbein [14] 
have recently reported that sufficient glucosamine inhibi t ion 
of protein glycosylation in influenza vi rus- infected MDCK cells 
does not result in the appearance of any oligosaccharides 
smaller or larger than the Man:1G lcNAc2 in t he oligosaccha ride 
portions of the lipid -linked oligosaccha rides in cell s. In the use 
of tu nicamycin for the present system and in order to obtain 
an optimal ba lance between cell growth and depigmenting 
effect, 0.2 J.Lg/ ml tunicamyc in was employed in spite of its not 
having sufficient inhibitory effect on protein glycosylation, 
ex hibi ting on ly 70% inhibition of ['1H]mannose uptake. It is 
poss ible that at a conce11tration whi ch partially inhibits glyco-
sylation, the abse nce of intermediate-sized tyros inase and the 
coexistence of fully glycosylated and nonglycosylated tyrosinase 
in cells treated with tunicamycin are seen. It has also been 
shown [1.5] t hat tun icamycin interrupts the synthesis of normal 
L cell interferons with 40,000 and 24,000 daltons, resulting in 
production of a new species of a smaller size (18,000 daltons). 
It coincides with ou r findings [1.] that the inhibition of glyco-
sylation has reduced a charge heterogeneity as well as molecular 
weight (loss ofT" tyrosinase) . 
Cummings and Kornfeld [7] demonstrated that Con A lectin 
agarose a ffinity chromatography retains selectively glycopep-
tides with biantennary complex type, high mannose type, and 
hybrid type oligosaccharides, but passes glycopeptides with tri-
and tetraantennary type oligosacc ha rides. Present evidence 
t hat T 1 tyrosinases are resolved into different smaller-molecu-
lar-weight components, one of which lacks the carbohydate 
moieties specilic for affini t ive properties to Con A lectin, may 
suggest t he possibili ty that t he carbohydrate moieties of T1 
tyrosi nases consist mainly of two kinds of functional units: (1) 
t unicamycin -resistant components which are t he specific core 
attached to s ialic acid moieties, a nd (2) tunicamycin-sensitive 
co re which possesses N-glycosidically linked oligosaccharides 
presum ably essen tia l for binding to membrane. 
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We have previously shown [16] t hat t he addition of protease 
inhibitors does not affect the unmelanized process including 
t he loss of T a tyrosinase and appearance of T 1 heterogeneity, 
induced by glycosylation inhibitors and t hat t he new segments 
of T 1 tyrosi nases disappear concomitantly with t he recovery of 
T:1 tyrosinase after removal of glycosylation inhibition. Con-
cerning the genesis of the above T1 tyrosinase heterogeneity, 
alt hough we still cannot rule out completely an enhanced 
susceptibili ty of partially unglycosylated tyrosinases to in vivo 
degene rative process, the most likely hypothesis appears to be 
that the multiple T, tyrosinase represents multiple segments 
of protein glycosylation process related to tyrosinase matura-
tion. The disappearance of T a and the emergence of heteroge-
neity of T 1 appears to occu r even at 0.1 J.Lg/ml tunicamycin 
concentration where only 25% inhibition of protein glycosyla-
tion is attained. Thus, susceptibili ty of T 1 tyrosinase to glyco-
sylation inhibitors seems higher than that of T 1 tyrosinases. It 
seems reasonable to assume t hat t hese Con A nonaffinitive new 
segmen ts ofT, tyrosinases result from the partial interruption 
of t he normally concealed pathway in t he maturation process 
ofT, to T a tyrosinase such t hat the Con A nonaffinitive altered 
carbohydrate moieties of T1 is induced by glycosylation inhi-
bition, leading to the loss of T1 tyrosinase. 
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